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COMPUTER SOFTWARE is tfie intelligence of a computer 

system that tells the equipment what to do and when to do 
it. Software includes not only the actual operating program, but 
all of the aids used by programmers to produce the program. 
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Both initial system expense and long-term operating 
expense are materially reduced when programming is 
accomplished in a fast and accurate manner. The 
GE/PAC 4000 software package reduces program¬ 
ming costs by: 

P Facilitating a systematic approach in writing com¬ 
puter programs. 

iOffering flexibility for future changes in user 
process. 

Enabling user to be self-sufficient in developing 
system programs. 

^Providing software designed especially for pro¬ 
gramming process functions. 

Converting existing FORTRAN II program to on¬ 
line routines. 

Complete software packages for the GE/PAC 4000 are 
grouped in three categories: Program Preparation 
Aids, Standard On-line Functions and Debugging Aids. 


BROGRAM PREPi^ATION AIDS 


.Facilitate translating process functions into com¬ 
puter instructions. 

(Increase speed and accuracy in preparing 
programs 

Aid in documenting and debugging programs 

Operate locally on GE/PAC 4000, GE 412 or 
GE 200 series computer systems. 

Process Assembler Language (PAL) 

• Enables programmer to code programs in system¬ 
atic and well-documented fashion 

• Operates on line as well as off line 

• Generates single and double precision constants 
to a specified scale factor or In floating-point 
format 

• Provides built-in check features which detect and 
notify programmer of coding errors 

FORTRAN Compilers 

• Enable powerful algebraic and verbal statements 
to be written with minimum time and effort 

• Operate on line or off line 

• Permit experienced FORTRAN programmers 
to make easy transition to GE/PAC 4000 
programming 

• Allow previously written FORTRAN II programs to 
operate on the GE/PAC 4000 




Tabular Sequence Control (TASC) 

• Simplifies and speeds programming of process 
control functions which are sequential in nature 

• Facilitates subsequent revisions to sequential 
control programs 


stan dard_o n.line_eun ctiqns 
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Common routin^^s suitable for numerous 
applications 

I Require little or no re-work by user programmer 
Use of pre-checked routines eliminates program¬ 
ming and debugging time 

Monitor and 

Monitor-Compatible Programs 

• Schedules and gives priority assignment to sys¬ 
tem functions 

• Enables user to have system running on-line In 
minimum time 

• Provides communication between functions and 
peripheral equipment 

Math Routines 

• Include commonly used math functions in fixed 
or floating point, single or double word length 
arithmetic 

• Available from General Electric library to all 
GE/PAC 4000 users 

• GE/PAC 4000 users receive up-to-date abstracts 
of new routines as they are developed 


DEBUGGING AIDS 

□ 




^Facilitate and simplify on-site troubleshooting 
I Help locate trouble quickly, reducing delay 

Program Debugging Aids 

• Include load-compare, dump, memory change 
routines 

• Load-compare and dump are available In on-line 
as well as off-line form 

• On-line debugging aids are plug-in package to 
MONITOR system 

• Debugging aids proved by on-site experience pro¬ 
vide powerful means of keeping program docu¬ 
mentation up to date. 

Hardware Diagnostic Programs 

• Minimize delays by rapidly testing computer hard¬ 
ware and indicating areas where trouble exists / 

• Cover peripheral devices as well as centra 
processor 
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PROGRAM PRFPAPATION AIDS 

Program Preparation Aids enable a programmer to 
translate a process function into actual computer 
instructions. Use of a symbolic language greatly 
increases the speed and accuracy of preparing a pro¬ 
gram and also aids in the documentation and debug¬ 
ging of the program. To provide the programmer with 
the most effective means of coding a program, General 
Electric has developed processing programs for three 
powerful program preparation languages —Process 
Assembler Language (PAL), FORTRAN II and Tabular 
Sequence Control (TASC). These language processors 
are designed to produce operating programs for sys¬ 
tems with varying configurations, from simple paper 
tape input/output, core memory only to large systems 
with high performance devices such as punched card 
equipment, magnetic drum, magnetic disc, high-speed 
printers and remote peripherals. Additional service to 
the user has been provided — PAL and FORTRAN proc¬ 
essors operate on GE/PAC 4000, GE 412 or GE 200 
series computer systems. The GE 200 series language 
processor versions enable routines to be assembled 
or compiled at the various General Electric Infor¬ 
mation Processing Centers throughout the country 
and overseas. 

Process Assembler Language 

The Process Assembler Language accepts coded sym¬ 
bolic instructions and translates them into computer 
instructions. These symbolic instructions are coded by 
the programmer on a form. Figure 1, from which cards 
or paper tape are punched when the coding is com¬ 
pleted. The cards or paper tapes are then read into the 
computer on which the PAL assembler is operating. 

The output from the assembler is a listing from a 
printer or typewriter of the object program and a paper 
tape which is used to load the new program into the 


computer. The assembler program has built-in check 
features which detect and notify the programmer of 
many types of coding errors. The listing provides 
documentation of the program and is invaluable as a 
debugging aid. 

The on-line PAL assembler accepts the same symbolic 
language as above and has the ability to assemble pro¬ 
grams while the GE/PAC 4000 is handling process 
data. Its advantage is that it can be used to assemble 
or re-assemble programs at the user site, so they may 
be integrated into the system with no interruption to 
process computing. 

As shown in Figure 2, the listing provides the symbolic 
instructions as coded and also the octal core locations, 
instructions, and constants of the assembled program. 
For further aid in debugging, the listing reproduces all 
comments from the coding sheet. The three columns 
of numbers in Figure 2 represent: 

Core location 

Instruction in absolute format (as a debugging aid) 

Instruction in relative format (as actually stored in 

the computer) 

The PAL program makes maximum use of the relative 
addressing feature of the GE/PAC 4000. It assembles 
the operand value relative to the location of the in¬ 
struction itself rather than the absolute value. With 
this feature, it Js possible to operate a program from 
any place in core memory without modification, 
thereby adding a new dimension of flexibility to system 
program organization. 

In addition to the computer hardware instructions, 
PAL translator makes maximum use of pseudo instruc¬ 
tions for storage assignments, symbol definition, and 
generation of constants to provide better programmer 
efficiency. These instructions include block storage 
reservation, single and multi-word constants, single 
and double-word floating constants, etc. 
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FORTRAN Compilers 

To make the writing of new programs as easy and ef¬ 
ficient as possible, General Electric has created 
FORTRAN compilers for the GE/PAC 4000. These 
compilers go a step beyond the PAL program in that 
they enable the programmer to write his program in 
terms of “statements" which employ familiar lan¬ 
guage and symbols rather than the symbolic code re¬ 
quired by PAL. An example of such a statement 

might be y = A/B + C - SINF(D +E) 

where A, B, C, D, and E are variables which have been 
defined by the programmer in other statements. A 
statement such as this, when presented to a FORTRAN 
compiler, will cause the compiler to automatically 
generate all the step-by-step machine Instructions nec¬ 
essary to perform the calculations called for in the 
statement. Thus, the programmer is freed from the 
time consuming details of step-by-step programming 
and allowed to concentrate more fully on the problem 
at hand. 

In preparing the FORTRAN compilers for the GE/PAC 
4000, General Electric has incorporated several spe¬ 
cial features which facilitate the writing and running of 
programs In a real-time process control environment. 


Compatibility with MONITOR 

The FORTRAN compilers have been designed so that 
the programs they produce will have numerous special 
provisions for operation within the G-E MONITOR sys¬ 
tem. Thus, new programs may be easily incorporated 
Into existing MONITOR systems. 


Compatibility with 

Process Assembler Language 

The programmer is free to Intermix FORTRAN state¬ 
ments with PAL statements within a single program. 
This allows the programmer to switch back and forth 
between the two languages arbitrarily, always free to 
choose the language in which he can proceed most 
efficiently. Output from the compiler is in the form of 
PAL symbolic coding. 

Bit manipjulation capability 

Special FORTRAN statements are available to the pro¬ 
grammer through which he may exploit the ability of 
the GE/PAC 4000 to manipulate individual bits within 
a word. In this manner, individual bits may be treated 
as separate variables and may be set, reset, and tested. 
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Bulk storage — core transfers 

Transfers of information between drum or disc storage 
and core storage may be implemented through the 
FORTRAN compiler by means of special statements 
provided for this purpose. 

Floating-point Operation 

Two types of floating-point numbers have been defined 
for the GE/PAC 4000. FORTRAN compilers are avail¬ 
able so that data may be accepted in either single or 
double-word floating-point form. The program gener¬ 
ated by the particular compiler may be made to output 
data in that form. 

Statement Repertory 

A large repertory of allowed statements, plus a full 
complement of library subroutines, makes for ease 
and flexibility In programming with the FORTRAN 
compiler. 

Besides providing ease and flexibility In writing new 
programs, the FORTRAN compiler allows the user's 
previously written FORTRAN 11 program to be easily 
adapted to the GE/PAC 4000. After little or no modifi¬ 
cation to the source program, the user simply proc¬ 
esses the source program through the GE/PAC 4000 
FORTRAN compiler. The output from the compiler Is 
then processed through the PAL program, yielding a 
version of the user’s program which Is ready to run 
on the GE/PAC 4000. 

The FORTRAN compiler, like the PAL program, is avail¬ 
able In on-line free-time as well as off-line form for the 
GE/PAC 4000. Thus, program compilations may be 
performed on the GE/PAC 4000 at the same time as 
regular process monitoring and control functions are 
being executed, without interfering with these func¬ 
tions. 

Tabular Sequence Control (TASC) 

In cases where it is desired to program a process 
control function which Is sequential in nature (such as 
process start-up and shut-down under computer con¬ 
trol), the time and effort required to program such a 
function may be reduced by using TASC, a special 
language offered by General Electric. 

TASC permits the programmer to code information in 
tabular form concerning each control action in the 
sequence. Examples of this tabular information are: 
(a) Identification of the control action, (b) number of 
times to try*the action, and (c) amount of time to 
allow for completion of the action. The TASC assembly 
program operates on this Information to produce a 
program which will control the timing and order of 
execution of a group of subroutines. With each of these 
subroutines designed to execute some specific control 
action, the desired process control sequence Is 
achieved. (Note: The subroutines themselves are not 
produced by TASC. They must be written separately 
to meet Individual process needs.) In addition to fixed 
sequences of control actions, TASC is capable of pro¬ 
ducing programs which will make choices between 
alternate sequences based on real-time process dy¬ 
namics. The TASC assembler program operates on the 
GE 412 to produce GE/PAC 4000 control programs. 


Standard on-line functions are portions of a total sys¬ 
tem program that are common from one computer 
application to another. Because they are used so 
frequently, optimum execution time and utilization of 
memory have been stressed in their development. For 
most applications, the use of these functions require 
little or no re-work by user programmers. Use of these 
pre-checked routines eliminates programming and de¬ 
bugging time. 

MONITOR 

MONITOR provides the skeleton of a real-time pro¬ 
gram by scheduling and giving priority assignment to 
system functions. By using MONITOR, the user is 
capable of having an on-line program running with 
minimum time spent on the program. A system flow¬ 
chart illustrating MONITOR Is shown In Figure 3. 

General Electric offers a choice between several 
different versions of MONITOR, depending on the 
system configuration. With MONITOR tailored to the 
application, the system may then be implemented 
In building-block fashion with greater confidence and 
fewer delays. 

The routines that make up MONITOR are clear and 
well-defined, which makes for easy understanding of 
the system. The layout of the MONITOR package fa¬ 
cilitates the addition of system functions by user pro¬ 
grammers. The routines that comprise MONITOR are: 

□ Time and diagnostic count 

□ Executive Control Program 

□ Save registers routine 

□ Restore registers routine 

□ Turn on program 

□ Turn off program 

□ Set program delay 

□ Priority change subroutine 

In addition to the above, MONITOR also includes the 
following two routines for core-bulk storage GE/PAQ 
4000 computers 

□ Drum or disc transfer subroutine 

□ Drum or disc transfer driver 

Other programs compatible to MONITOR are: 

□ Input/output driver 

□ Output subroutine 

□ Output program, consisting of 

• Peripheral selection 

• Decimal floating-point routine 

• Decimal fixed-point routine 

• Octal conversion routine 

• BCD conversion routine 

• Time conversion routine 

□ Input function, which includes 

• Input communication subroutine 

• Input program 

□ Multiple and Timed Output function 

□ Analog Scan function 
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The Time and Diagnostic Count routine maintains 
the value of current time (in seconds or fractions of 
seconds) which is used by the Executive Control Pro¬ 
gram in determining execution time of the functional 
programs. 

The Executive Control Program (ECP) is the real heart 
of the MONITOR system as it initiates functional pro¬ 
grams according to their scheduled interval and prior¬ 
ity. The ECP provides for easy writing and addition of 
functional programs. The number of functional pro¬ 
grams that the ECP can manage Is limited only by the 
computer core, drum or disc size and the length of the 
Individual functions. Most MONITOR systems allow 
25 to 50 functional programs. To accomplish on-line 
requirements as they occur, the GE/PAC 4000 uses 
automatic priority Interrupt, which may interrupt a 
program at any time. 

Two MONITOR routines (Save Registers and Restore 
Registers) are used in conjunction with system Inter¬ 
rupts. These routines record and then reinstate the 
interrupted program after the priority function has 
been accomplished. 

To further reduce housekeeping chores of functional 
programs using MONITOR, Turn Program On, Set 


Program Delay and Turn Program Off routines are sup¬ 
plied. These routines enable a user function to be ini¬ 
tiated at a specified interval or to be completely turned 
off until some exterior influence (such as a demand) 
reinitiates the function. For GE/PAC 4000 computers 
equipped with a magnetic drum or disc memory, 
MONITOR will also provide the transfer linkage for in¬ 
formation flowing between/Core and bulk storage. The 
user functional program will use the Drum or Disc 
Transfer subroutine to initiate a transfer of informa¬ 
tion between core and drum or disc. While the transfer 
is in progress, MONITOR initiates other functions that 
require action, thereby permitting full utilization of the 
central processor. When the transfer is complete, the 
ECP will reinitiate the functional program that re¬ 
quested the transfer. Completion of a bulk storage — 
core transfer is detected by automatic priority Inter¬ 
rupt which allows the data involved in the transfer to 
be acted upon as expeditiously as possible. 

MONITOR Compatible Functions 

MONITOR Compatible Functions are those functions 
that are developed for specific applications which may 
be used by other computer users. These routines are 
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written in a general form so that they require a mini¬ 
mum of re-working to be suitable for other similar ap¬ 
plications. Other examples are Analog Scan Request 
subroutine and driver, corrective action diagnostic, 
Multiple and Timed Contact Output Request sub¬ 
routines and drivers. 

The Input and Output programs permit user functional 
programs to communicate with peripheral devices 
such as typewriters, readers, punches, etc.. In an or¬ 
derly, step-by-step fashion. The Input and Output pro¬ 
grams determine whether the peripheral Is available 
for use by the functional program, and read in or put 
out data. 

The Input and Output programs eliminate a large 
amount of editing and bookkeeping that would be re¬ 
quired if they were not available. The Output program 
converts binary floating-point to decimal fixed-point 
output, binary fixed-point to decimal fixed-point out¬ 
put, binary to octal output, or binary data to numeric 
and alphabetic character output, or time counts to 
decimal hours and minutes. 

The Input/Output driver operates the peripherals 
through automatic priority Interrupt. 

Math routines 

Math routines which are usually used in subroutine 
form include fixed or floating-point, single or double- 
precision math functions. These routines are available 
from the General Electric library to all GE/PAC 4000 
computer users. They may be obtained in the form of 
punched cards or paper tape, along with flowcharts, 
listings and instructions for their use. Examples of 
these routines are square root, trigonometric, ex¬ 
ponential functions, etc. GE/PAC 4000 users receive 
up-to-date abstracts of each routine as it Is developed. 


General Electric offers a group of standard routines 
specifically designed to aid the programmer or main¬ 
tenance person In pinpointing trouble within the 
computer system. On-site experience has proved these 
debugging aids to be extremely valuable in terms of 
on-site system implementation. The difficulties posed 
by the inherent complexity of the computer system 
may be minimized by use of these routines, and costly 
delays thereby reduced. 

Debugging aids for the GE/PAC 4000 fall into two 
categories: Program Debugging Aids (for trouble¬ 
shooting software) and Hardware Diagnostic Programs 
(fortroubleshooting hardware). 

Program Debugging Aids 

Experience has shown that program debugging aids 
provide a powerful means of updating program docu¬ 
mentation as well as helping the programmer to locate 
errors in his program. General Electric has developed 
extremely useful program debugging aids, all of which 
are available in both on-line and off-line form. The 


on-line versions use the MONITOR system and are ca¬ 
pable of being run at the same time as the main proc¬ 
ess monitoring and control functions are being 
executed. This is accomplished by allowing the debug¬ 
ging routines to utilize whatever free time Is available 
in the central processor. Debugging may be accom¬ 
plished without interrupting normal process monitor¬ 
ing and control functions. 

Program loaders provide the means to load programs 
and data into computer storage through punched-card 
or paper-tape readers. In addition, a wired-in loader Is 
available for Initial program loading. The Compare 
feature of the loader is available for use by the pro¬ 
grammer in cases where he suspects that a part of his 
program may have accidentally become altered or de¬ 
stroyed in memory. Each location In memory is com¬ 
pared with the corresponding entry on a paper tape of 
the program in question. If any disagreement exists, 
the program types out the address of the memory loca¬ 
tion, the contents of the memory location, and the 
contents of the corresponding entry on paper tape. 
The dump program is used to record the contents of 
computer memory, either through the typewriter or 
paper-tape punch. 

The Memory Change program Is used for changing the 
contents of a core or drum/disc location through com¬ 
puter console switches or an Input typewriter. Docu¬ 
mentation showing the location, contents before 
change, and contents after the change are typed out 
on the console typewriter. 

The Memory Change program has the added facility 
of displaying the location and Its contents before the 
change Is executed. 

Hardware Diagnostic Programs 

General Electric offers a comprehensive package of 
hardware diagnostic programs for the GE/PAC 4000. 
These programs have proved highly effective in help¬ 
ing maintenance personnel locate trouble In the com¬ 
puter hardware in a rapid and systematic way. 

The use of these routines causes the computer to ex¬ 
ecute sequences of instructions which are designed to 
“exercise" specific sub-groups of hardware In worst- 
case fashion. The manner in which the computer 
responds to these sequences of instructions may be 
interpreted by referring to a diagnostics handbook 
which is furnished with the routines. The trouble¬ 
shooter is able to “home In" on the trouble In a direct 
and logical way. Naturally, these hardware diagnostic 
programs must be run in off-line fashion. 

The hardware diagnostic package for the GE/PAC 
4000 includes the following routines: 

□ Arithmetic unit diagnostic 

□ Core test 

□ Drum or disc diagnostic 

□ Automatic program interrupt diagnostic 

□ Peripheral buffer diagnostic and peripheral test 

□ Scanner test 
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SOFTWARE SPECIFICATIONS 


ASSEMBLING MACHINE: GE 215, GE 225, GE 235, GE 412 

INPUT: Punched cards or magnetic tape 

MEMORY REQUIREMENT: 8K of core 

PERIPHERAL EQUIPMENT: Console typewriter 

High-speed printer 
Magnetic tape units 
Card reader 
Paper-tape punch 

ASSEMBLING MACHINE: GE/PAC 4000 

INPUT: Punched cards or paper-tape 

MEMORY REQUIREMENT: (off-line) 2K to 4K of core 

(on-line) 2K of core plus 6K of 
drum or disc 

(in addition to the process 
memory requirements) 

PERIPHERAL EQUIPMENT: Card or paper-tape reader 

Console typewriter or printer 
Paper-tape punch 


OUTPUT: Magnetic tape 

Paper tape or cards and 
program listing 

COMPILING MACHINE: GE 215, GE 225, GE 235, GE 412 

INPUT: Punched cards or magnetic tape 

MEMORY REQUIREMENT: 8K of core 

PERIPHERAL EQUIPMENT: Card reader 

Console Typewriter 
Card punch 

Paper-tape punch (option) 
High speed printer 
Magnetic tape unit 

OUTPUT: Punched cards, magnetic tape or paper tape and 
program listing 
(output is in PAL format) 

COMPILING MACHINE: GE/PAC 4000 


INPUT: Paper tape 

MEMORY REQUIREMENT: (off-line) 8K of core 

(on-line) 4K of core plus 8K of drum 
or disc 

(in addition to the process memory) 



PERIPHERAL EQUIPMENT: Paper-tape or card reader 

Paper-tape or card punch 
Console typewriter 
High-speed printer (option) 

OUTPUT: Paper tape or cards and/or program listing 
(output is in PAL format) 

ASSEMBLING MACHINE: GE 412 

INPUT: Punched cards or magnetic tape 

MEMORY REQUIREMENT: 8K of core 

PERIPHERAL EQUIPMENT: Console typewriter 

High-speed printer 
Magnetic tape unit 
Card reader 
Paper-tape punch 

OUTPUT: Magnetic tape, binary paper tape or cards and 
program listing 


The software described in this brochure consists of programs now available and 
those planned for the near future. General Electric reserves the right to change 
and/or delete software projects without notice. 
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PROGRAM PREPARATION AIDS 

Program Preparation Aids enable a programmer to 
translate a process function into actual computer 
instructions. Use of a symbolic language greatly 
increases the speed and accuracy of preparing a pro¬ 
gram and also aids in the documentation and debug¬ 
ging of the program. To provide the programmer with 
the most effective means of coding a program, General 
Electric has developed processing programs for three 
powerful program preparation languages —Process 
Assembler Language (PAL), FORTRAN II and Tabular 
Sequence Control (TASC). These language processors 
are designed to produce operating programs for sys¬ 
tems with varying configurations, from simple paper 
tape input/output, core memory only to large systems 
with high performance devices such as punched card 
equipment, magnetic drum, magnetic disc, high-speed 
printers and remote peripherals. Additional service to 
the user has been provided — PAL and FORTRAN proc¬ 
essors operate on GE/PAC 4000, GE 412 or GE 200 
series computer systems. The GE 200 series language 
processor versions enable routines to be assembled 
or compiled at the various General Electric Infor¬ 
mation Processing Centers throughout the country 
and overseas. 

Process Assembler Language 

The Process Assembler Language accepts coded sym¬ 
bolic instructions and translates them into computer 
instructions. These symbolic instructions are coded by 
the programmer on a form. Figure 1, from which cards 
or paper tape are punched when the coding is com¬ 
pleted. The cards or paper tapes are then read into the 
computer on which the PAL assembler is operating. 

The output from the assembler is a listing from a 
printer or typewriter of the object program and a paper 
tape which is used to load the new program into the 


computer. The assembler program has built-in check 
features which detect and notify the programmer of 
many types of coding errors. The listing provides 
documentation of the program and is invaluable as a 
debugging aid. 

The on-line PAL assembler accepts the same symbolic 
language as above and has the ability to assemble pro¬ 
grams while the GE/PAC 4000 is handling process 
data. Its advantage Is that It can be used to assemble 
or re-assemble programs at the user site, so they may 
be integrated into the system with no interruption to 
process computing. 

As shown in Figure 2, the listing provides the symbolic 
Instructions as coded and also the octal core locations, 
instructions, and constants of the assembled program. 
For further aid In debugging, the listing reproduces all 
comments from the coding sheet. The three columns 
of numbers In Figure 2 represent: 

Core location 

Instruction In absolute format (as a debugging aid) 

Instruction in relative format (as actually stored in 

the computer) 

The PAL program makes maximum use of the relative 
addressing feature of the GE/PAC 4000. It assembles 
the operand value relative to the location of the in¬ 
struction itself rather than the absolute value. With 
this feature, it js possible to operate a program from 
any place in core memory without modification, 
thereby adding a new dimension of flexibility to system 
program organization. 

In addition to the computer hardware instructions, 
PAL translator makes maximum use of pseudo instruc¬ 
tions for storage assignments, symbol definition, and 
generation of constants to provide better programmer 
efficiency. These Instructions include block storage 
reservation, single and multi-word constants, single 
and double-word floating constants, etc. 
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FORTRAN Compilers 

To make the writing of new programs as easy and ef 
ficient as possible, General Electric has created 
FORTRAN compilers for the GE/PAC 4000. These 
compilers go a step beyond the PAL program in that 
they enable the programmer to write his program in 
terms of “statements" which employ familiar lan¬ 
guage and symbols rather than the symbolic code re¬ 
quired by PAL. An example of such a statement 

might be y = A/B + C - SINF(D + E) 

where A, B, C, D, and E are variables which have been 
defined by the programmer in other statements. A 
statement such as this, when presented to a FORTRAN 
compiler, will cause the compiler to automatically 
generate all the step-by-step machine instructions nec¬ 
essary to perform the calculations called for in the 
statement. Thus, the programmer is freed from the 
time consuming details of step-by-step programming 
and allowed to concentrate more fully on the problem 
at hand. 

In preparing the FORTRAN compilers for the GE/PAC 
4000, General Electric has incorporated several spe¬ 
cial features which facilitate the writing and running of 
programs In a real-time process control environment. 


Compatibility with MONITOR 

The FORTRAN compilers have been designed so that 
the programs they produce will have numerous special 
provisions for operation within the G-E MONITOR sys¬ 
tem. Thus, new programs may be easily Incorporated 
Into existing MONITOR systems. 


Compatibility with 

Process Assembler Language 

The programmer is free to intermix FORTRAN state¬ 
ments with PAL statements within a single program. 
This allows the programmer to switch back and forth 
between.the two languages arbitrarily, always free to 
choose the language in which he can proceed most 
efficiently. Output from the compiler is in the form of 
PAL symbolic coding. 

Bit manipulation capability 

Special FORTRAN statements are available to the pro¬ 
grammer through which he may exploit the ability of 
the GE/PAC 4000 to manipulate individual bits within 
a word. In this manner, individual bits may be treated 
as separate variables and may be set, reset, and tested. 
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Bulk storage — core transfers 

Transfers of information between drum or disc storage 
and core storage may be implemented through the 
FORTRAN compiler by means of special statements 
provided for this purpose. 

Floating-point Operation 

Two types of floating-point numbers have been defined 
for the GE/PAC 4000. FORTRAN compilers are avail¬ 
able so that data may be accepted in either single or 
double-word floating-point form. The program gener¬ 
ated by the particular compiler may be made to output 
data in that form. 

Statement Repertory 

A large repertory of allowed statements, plus a full 
complement of library subroutines, makes for ease 
and flexibility in programming with the FORTRAN 
compiler. 

Besides providing ease and flexibility in writing new 
programs, the FORTRAN compiler allows the user’s 
previously written FORTRAN M program to be easily 
adapted to the GE/PAC 4000. After little or no modifi¬ 
cation to the source program, the user simply proc¬ 
esses the source program through the GE/PAC 4000 
FORTRAN compiler. The output from the compiler is 
then processed through the PAL program, yielding a 
version of the user’s program which is ready to run 
on the GE/PAC 4000. 

The FORTRAN compiler, like the PAL program. Is avail¬ 
able in on-line free-time as well as off-line form for the 
GE/PAC 4000. Thus, program compilations may be 
performed on the GE/PAC 4000 at the same time as 
regular process monitoring and control functions are 
being executed, without interfering with these func¬ 
tions. 

Tabular Sequence Control (TASC) 

In cases where it is desired to program a process 
control function which Is sequential in nature (such as 
process start-up and shut-down under computer con¬ 
trol), the time and effort required to program such a 
function may be reduced by using TASC, a special 
language offered by General Electric. 

TASC permits the programmer to code information in 
tabular form concerning each control action in the 
sequence. Examples of this tabular information are: 
(a) identification of the control action, (b) number of 
times to try4he action, and (c) amount of time to 
allow for completion of the action. The TASC assembly 
program operates on this information to produce a 
program which will control the timing and order of 
execution of a group of subroutines. With each of these 
subroutines designed to execute some specific control 
action, the desired process control sequence is 
achieved. (Note: The subroutines themselves are not 
produced by TASC. They must be written separately 
to meet Individual process needs.) In addition to fixed 
sequences of control actions, TASC Is capable of pro¬ 
ducing programs which will make choices between 
alternate sequences based on real-time process dy¬ 
namics. The TASC assembler program operates on the 
GE 412 to produce GE/PAC 4000 control programs. 


Standard on-line functions are portions of a total sys¬ 
tem program that are common from one computer 
application to another. Because they are used so 
frequently, optimum execution time and utilization of 
memory have been stressed In their development. For 
most applications, the use of these functions require 
little or no re-work by user programmers. Use of these 
pre-checked routines eliminates programming and de¬ 
bugging time. 

MONITOR 

MONITOR provides the skeleton of a real-time pro¬ 
gram by scheduling and giving priority assignment to 
system functions. By using MONITOR, the user is 
capable of having an on-line program running with 
minimum time spent on the program. A system flow¬ 
chart illustrating MONITOR is shown in Figure 3. 

General Electric offers a choice between several 
different versions of MONITOR, depending on the 
system configuration. With MONITOR tailored to the 
application, the system may then be implemented 
in building-block fashion with greater confidence and 
fewer delays. 

The routines that make up MONITOR are clear and 
well-defined, which makes for easy understanding of 
the system. The layout of the MONITOR package fa¬ 
cilitates the addition of system functions by user pro¬ 
grammers. The routines that comprise MONITOR are: 

□ Time and diagnostic count 

□ Executive Control Program 

□ Save registers routine 

□ Restore registers routine 

□ Turn on program 

□ Turn off program 

□ Set program delay 

□ Priority change subroutine 

In addition to the above, MONITOR also includes the 
following two routines for core-bulk storage GE/PAC 
4000 computers 

□ Drum or disc transfer subroutine 

□ Drum or disc transfer driver 

Other programs compatible to MONITOR are: 

□ Input/output driver 

□ Output subroutine 

□ Output program, consisting of 

• Peripheral selection 

• Decimal floating-point routine 

• Decimal fixed-point routine 

• Octal conversion routine 

• BCD'Conversion routine 

• Time conversion routine 

□ Input function, which includes 

• Input communication subroutine 

• Input program 

□ Multiple and Timed Output function 

□ Analog Scan function 
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FIGURE 3 


The Time and Diagnostic Count routine maintains 
the value of current time (in seconds or fractions of 
seconds) which is used by the Executive Control Pro¬ 
gram in determining execution time of the functional 
programs. 

The Executive Control Program (ECP) is the real heart 
of the MONITOR system as it initiates functional pro¬ 
grams according to their scheduled interval and prior¬ 
ity. The ECP provides for easy writing and addition of 
functional programs. The number of functional pro¬ 
grams that the ECP can manage is limited only by the 
computer core, drum or disc size and the length of the 
individual functions. Most MONITOR systems allow 
25 to 50 functional programs. To accomplish on-line 
requirements as they occur, the GE/PAC 4000 uses 
automatic priority interrupt, which may interrupt a 
program at any time. 

Two MONITOR routines (Save Registers and Restore 
Registers) are used in conjunction with system inter¬ 
rupts. These routines record and then reinstate the 
interrupted program after the priority function has 
been accomplished. 

To further reduce housekeeping chores of functional 
programs using MONITOR, Turn Program On, Set 


Program Delay and Turn Program Off routines are sup¬ 
plied. These routines enable a user function to be ini¬ 
tiated at a specified interval or to be completely turned 
off until some exterior influence (such as a demand) 
reinitiates the function. For GE/PAC 4000 computers 
equipped with a magnetic drum or disc memory, 
MONITOR will also provide the transfer linkage for in¬ 
formation flowing between core and bulk storage. The 
user functional program will use the Drum or Disc 
Transfer subroutine to initiate a transfer of Informa¬ 
tion between core and drum or disc. While the transfer 
is In progress, MONITOR initiates other functions that 
require action, thereby permitting full utilization of the 
central processor. When the transfer is complete, the 
ECP will reinitiate the functional program that re¬ 
quested the transfer. Completion of a bulk storage — 
core transfer is detected by automatic priority inter¬ 
rupt which allows the data involved in the transfer to 
be acted upon as expeditiously as possible. 

MONITOR Compatible Functions 

MONITOR Compatible Functions are those functions 
that are developed for specific applications which may 
be used by other computer users. These routines are 
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written in a general form so that they require a mini¬ 
mum of re-working to be suitable for other similar ap¬ 
plications. Other examples are Analog Scan Request 
subroutine and driver, corrective action diagnostic, 
Multiple and Timed Contact Output Request sub¬ 
routines and drivers. 

The Input and Output programs permit user functional 
programs to communicate with peripheral devices 
such as typewriters, readers, punches, etc., in an or¬ 
derly, step-by-step fashion. The Input and Output pro¬ 
grams determine whether the peripheral Is available 
for use by the functional program, and read in or put 
out data. 

The Input and Output programs eliminate a large 
amount of editing and bookkeeping that would be re¬ 
quired if they were not available. The Output program 
converts binary floating-point to decimal fixed-point 
output, binary fixed-point to decimal fixed-point out¬ 
put, binary to octal output, or binary data to numeric 
and alphabetic character output, or time counts to 
decimal hours and minutes. 

The Input/Output driver operates the peripherals 
through automatic priority Interrupt. 

Math routines 

Math routines which are usually used in subroutine 
form include fixed or floating-point, single or double¬ 
precision math functions. These routines are available 
from the General Electric library to all GE/PAC 4000 
computer users. They may be obtained in the form of 
punched cards or paper tape, along with flowcharts, 
listings and instructions for their use. Examples of 
these routines are square root, trigonometric, ex¬ 
ponential functions, etc. GE/PAC 4000 users receive 
up-to-date abstracts of each routine as It Is developed. 


General Electric offers a group of standard routines 
specifically designed to aid the programmer or main¬ 
tenance person in pinpointing trouble within the 
computer system. On-site experience has proved these 
debugging aids to be extremely valuable In terms of 
on-site system Implementation. The difficulties posed 
by the inherent complexity of the computer system 
may be minimized by use of these routines, and costly 
delays thereby reduced. 

Debugging aids for the GE/PAC 4000 fall into two 
categories: Program Debugging Aids (for trouble¬ 
shooting software) and Hardware Diagnostic Programs 
(fortroubleshooting hardware). 

Program Debugging Aids 

Experience has shown that program debugging aids 
provide a powerful means of updating program docu¬ 
mentation as well as helping the programmer to locate 
errors In his program. General Electric has developed 
extremely useful program debugging aids, all of which 
are available in both on-line and off-line form. The 


on-line versions use the MONITOR system and are ca¬ 
pable of being run at the same time as the main proc¬ 
ess monitoring and control functions are being 
executed. This is accomplished by allowing the debug¬ 
ging routines to utilize whatever free time is available 
in the central processor. Debugging may be accom¬ 
plished without interrupting normal process monitor¬ 
ing and control functions. 

Program loaders provide the means to load programs 
and data into computer storage through punched-card 
or paper-tape readers. In addition, a wired-in loader is 
available for initial program loading. The Compare 
feature of the loader is available for use by the pro¬ 
grammer In cases where he suspects that a part of his 
program may have accidentally become altered or de¬ 
stroyed in memory. Each location in memory is com¬ 
pared with the corresponding entry on a paper tape of 
the program in question. If any disagreement exists, 
the program types out the address of the memory loca¬ 
tion, the contents of the memory location, and the 
contents of the corresponding entry on paper tape. 
The dump program is used to record the contents of 
computer memory, either through the typewriter or 
paper-tape punch. 

The Memory Change program Is used for changing the 
contents of a core or drum/disc location through com¬ 
puter console switches or an input typewriter. Docu¬ 
mentation showing the location, contents before 
change, and contents after the change are typed out 
on the console typewriter. 

The Memory Change program has the added facility 
of displaying the location and its contents before the 
change is executed. 

Hardware Diagnostic Programs 

General Electric offers a comprehensive package of 
hardware diagnostic programs for the GE/PAC 4000. 
These programs have proved highly effective In help¬ 
ing maintenance personnel locate trouble in the com¬ 
puter hardware in a rapid and systematic way. 

The use of these routines causes the computer to ex¬ 
ecute sequences of instructions which are designed to 
‘‘exercise" specific sub-groups of hardware in worst- 
case fashion. The manner in which the computer 
responds to these sequences of instructions may be 
interpreted by referring to a diagnostics handbook 
which is furnished with the routines. The trouble¬ 
shooter is able to “home in" on the trouble In a direct 
and logical way. Naturally, these hardware diagnostic 
programs must be run In off-line fashion. 

The hardware diagnostic package for the GE/PAC 
4000 includes the following routines: 

□ Arithmetic unit diagnostic 

□ Core test 

□ Drum or disc diagnostic 

□ Automatic program interrupt diagnostic 

□ Peripheral buffer diagnostic and peripheral test 

□ Scanner test 
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AUTOMATION COMPUTER 


SOFTWARE SPECIFICATIONS 


Process 

Assembler 

Language 

(PAL) 


FORTRAN 

Compilers 


Tabular 

Sequence 

Control 

(TASC) 




ASSEMBLING MACHINE: GE 215, GE 225, GE 235, GE 412 

INPUT: Punched cards or magnetic tape 

MEMORY REQUIREMENT: 8K of core 

PERIPHERAL EQUIPMENT: Console typewriter 

High-speed printer 
Magnetic tape units 
Card reader 
Paper-tape punch 

ASSEMBLING MACHINE: GE/PAC 4000 

INPUT: Punched cards or paper-tape 

MEMORY REQUIREMENT: (off-line) 2K to 4K of core 

(on-line) 2K of core plus 6K of 
drum or disc 

(in addition to the process 
memory requirements) 

PERIPHERAL EQUIPMENT: Card or paper-tape reader 

Console typewriter or printer 
Paper-tape punch 








OUTPUT: Magnetic tape 

Paper tape or cards and 
program listing 

COMPILING MACHINE: GE 215, GE 225, GE 235, GE 412 

INPUT: Punched cards or magnetic tape 
MEMORY REQUIREMENT: 8K of core 
PERIPHERAL EQUIPMENT: Card reader 

Console Typewriter 
Card punch 

Paper-tape punch (option) 

High speed printer 
Magnetic tape unit 

OUTPUT: Punched cards, magnetic tape or paper tape and 
program listing 
(output is in PAL format) 

COMPILING MACHINE: GE/PAC 4000 
INPUT: Paper tape 

MEMORY REQUIREMENT: (off-line) 8K of core 

(on-line) 4K of core plus 8K of drum 
or disc 

(in addition to the process memory) 

PERIPHERAL EQUIPMENT: Paper-tape or card reader 

Paper-tape or card punch 
Console typewriter 
High-speed printer (option) 

OUTPUT: Paper tape or cards and/or program listing 
(output is in PAL format) 

ASSEMBLING MACHINE: GE 412 

INPUT: Punched cards or magnetic tape 
MEMORY REQUIREMENT: 8K of core 
PERIPHERAL EQUIPMENT: Console typewriter 

High-speed printer 
Magnetic tape unit 
Card reader 
Paper-tape punch 

OUTPUT: Magnetic tape, binary paper tape or cards and 
program listing 


The software described in this brochure consists of programs now available and 
those planned for the near future. General Electric reserves the right to change 
and/or delete software projects without notice. 


GENERALiTi ELECTRIC 


BROCESSj^MPUTERjSECTION 


IN DUSTRY“ CbNTROlTD E P ARTM ENT^ 
PHOENIX, ARIZONA 

















